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157] ABSTRACT 

At low light levels, the floating diffusion output stage of 
a CCD imager has the peaks of the reset pulses applied 
to its reset gate reduced. This introduces spatial integra- 
tion in the direction of line scan that improves the sig- 
nal-to-noise ratio of the video samples supplied as 
imager output. 

6 Claims, 5 Drawing Figures 
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sumed to be p-type. with an output gate 13 to which a 
CCD IMAGER WITH IMPROVED LOW LIGHT direct voltage Vpc establishing a barrier height is ap- 
LEVEL RESPONSE plied, with a floating diffusion region 14 connected to 

the gate of a source-follower field effect transistor 
The present invention relates to CCD imagers using 5 (FET) 15. with a reset gate 16 connected to an imager 
floating diffusion output stages and, more particularly, terminal 17, and with a drain region 18 to which a reset 
to resetting the floating diffusion output stages so as to drain voltage Vro is applied. Wro is a direct voltage, 
obtain improved response to low light levels. preferably one that can be adjusted to control the mini- 

Whcn operated conventionally, the CCD floating mum imager output signal level at which full reset of 
diffusion output is completely reset on each clock cycle 10 floating diffusion 14 takes place. The CCD imager out- 
to a fixed potential established by the reset drain. The put signal terminal 19, to which the source of source- 
floating diffusion acts a capacitor which is initially follower FET 15 connects, supplies pixel samples of 
charged to the reset drain voltage and subsequently video signal to a filter 20. Filter 20 conventionally in- 
discharged by the incoming charge packet by an eludes some low-pass frequency-domain filtering sam- 
amount proportional to the packet size. Then, before IS ple-and-hold circuitry sampling at pixel scan rate. Filter 
the next charge packet is dumped onto the floating 20 may include a dc blocking capacitor. In any case 
diffusion, the floating diffusion is again completely reset filter 20 responds to the pixel samples to provide a con- 
to the reset drain potential. Owing to complete reset, tinuous video signal. 

there is no memory of previous charge packets. There- In the FIG. 1 apparatus this continuous video signal is 
fore, the voltage swing obtained ai the floating difTusion 20 applied to an automatically gain-controlled video am- 
can only be as large as Q/C, where C is the capacitance plifier 21, which is used to convert a video signal with 
at the floating diffusion node and Q is the signal charge changing brightness to a video signal of more constant 
contained in a packet. For the case of an imager with brightness. To this end the output signal from AGC*d 
many resolution elements, the area of each clement is video amplifier 21 is applied to an AGC detector 22 that 
made smaller. This is because of yield and lens format 25 detects the brightness of amplifier 21 output signal to 
considerations. Therefore, increased resolution results develop an automatic gain control (AGC) signal, as- 
in decreased size of the charge packets associated with sumed to be positive, which is applied via control line 
individual pixels. The noise voltage against which the 2\a to control the gain of amplifier 21 by degenerative 
signal voltage generated by these reduced-size packets feedback. AGC detector 22 may be of a type detecting 
is to be compared, in determining signal-to-nose ratio, 30 average brightness, a type detecting peak brightness, or 
comprises as its two primary components the reset noise a type detecting a combination of both average and 
and the noise of the video amplifier following the float- peak brightness. The range of AGC afforded by this 
ing diffusion. The reset noise at 300 Kelvin is about 400 loop is limited so amplifier 21 can gain control over a 
{Cfd)z electrons where Cfd is the capacitance of the range of differing brightnesses of, say, twenty-six to 
floating diffusion. Signal-to-noise ratios are quite se- 35 forty dB. The AGC range should include the levels of 
verely degraded at low light levels as image resolution video input to amplifier 21 where signal-to-noise is ac- 
is increased. ceptably high without having to accept reduction of the 

The present invention is directed to trading off image spatial resolution of the image described by the video 
resolution for improved signal-to-noise performance as signal as finally processed. 

light levels are reduced. Spatial integration of the image 40 In the range of operation just described, the timing 
is used to increase imager sensitivity at reduced light generator 23. which supplies via bus 24 the various 
levels, increasing the imager output signal without ap- clocking and timing signals required for operating CCD 
preciably increasing attendant noise levels. To achieve imager 10, supplies positive-going reset pulses at pixel 
increased spatial integration of the image at lower hght clock rate via a resistor 25 and imager terminal 17 to the 
levels, as the image is described in video signal form, the 45 reset gate 16. PNP clamp transistor 26 is non-conduc- 
rcset of the floating diffusion is modified so that the tive owing to AGC voltages being arranged to be more 
portion of the charge that can be transferred from under positive than the positive peak of the reset pulses, so the 
the floating diffusion upon application of a reset pulse is peak value of these reset pulses is unaffected in their 
reduced in inverse relation to the level of that charge. passage through resistor 25 for this range of operation. 

In the drawing: 50 The peak value is sufficiently positive that the entirety 

FIG. 1 is a schematic diagram, partially in block of each charge packet transferred under floating diffu- 
form, of a CCD imager system constructed and oper- sion 14 at pixel sample rate is transferred to the drain 
ated according to the principles of the invention; region 18 during the time the subsequent reset pulse 

FIG. 2 is a diagram of floating diffusion output stage applied to reset gate 16 causes field effect transistor 
response when conventionally reset and when reset 55 conduction between floating diffusion 14 as initial 
according to the invention; source and drain region 18. 

FIG. 3 is a graph of signal-to-noise ratios for the two As the AGC voltage falls below the value for which 
modes of operation; and AGC*d video amplifier 21 begins to exhibit gain reduc- 

FIGS. 4 and 5 arc schematic diagrams, partially in tion, so that amplifier 21 gain is at its maximum, clamp 
block form, of alternative types of imager system con- 60 transistor 26 begins to exert clamping on the peak value 
structed and operated according to the principles of the of the reset pulses, so that charge transfer from the 
invention. floating diffusion 14 to drain region 18 during the dura- 

FIG. 1 shows a light image 5 being conducted by tion of the reset pulse is slowed. That is, the conduction 
optics 7 to a CCD imager 10. CCD imager 10 is shown channel between floating diffusion 14 and drain region 
in block, with particulars of its floating diffusion output 65 18 induced under reset gate 16 upon application of reset 
stage in full circuit schematic within the block. This full pulse tends to be more resistive as the reset pulse peak is 
circuit schematic includes a section 11 of the end of the made less positive, and the RC time constant associated 
buried-channel output register with silicon bulk 12 as- with transfer of charge to drain region 18 becomes 
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longer. This means that . not all the charge in a charge CCD imager having a 540X512 array of pixels in its 
packet transferred to floating diffusion 14 need be trans- image register, into which vertical-bar-paitem images 
ferred from it on the subsequent reset pulse. The portion were projected. The peak level of '*soft" reset pulses 
of the charge transferred will be related to the size of applied to the reset gate was fixed, and tests were made 
the charge packet. Larger charge packets tend to bias 5 for 100% of full well and 5% of full well. A nine dB 
more negative, the virtual source that is provided by improvement at low frequencies is observed for full- 
floating diffusion 14, in the n-channel field-effeci-tran- well operation. Because of the adaptive transconduct- 
sistor action with channel between floating diffusion 14 ance effect in the field effect transistor action of reset, a 
and drain region 18 which occurs when reset gate 16 is larger fifteen dB improvement is available at 5% of full 
pulsed. This forward bias increases the transconduct- 10 vvell operation. 

ance of the transistor, lowering its channel resistance piG. 4 illustrates another way in which the invention 

and thus decreasing the RC time constant associated ^lay be practiced, which does not clamp reset pulse 

with transfer of charge from the well under floating level responsive to an AGC voltage. The voltage Vrj) 

diffusion 14. There is thus an introduction of spatial ^^^^^^^ ^Yian being applied directly to the drain region 18 

integration in the direction of line scan in the video 15 applied instead to terminal 30 of CCD imager 10 

signal from imager 10, and the amount of integration is through a current sensing device, such as the input 

most pronounced for small quantity of charge on the ^^^^^^^ ^ current amplifier 31 which provides drain 

floating diffusion 14. region 18 a low-resistance path to reset drain voltage 

Reset operation wherem all the charge on the floatmg Current amplifier 31 may, for example, be an 

diffusion 14 (or a similar floating gate) that connects to 20 jntegrated-circuit operational amplifier of the so-called 

theelectrometer FET 15 gate electrode is dramed away Norton type. The peak of the reset pulse is reduced in 

to the reset drain region 18 durmg rcscttmg. as is con- ^^^^^^ relationship to the reset drain current to the 

ventionally done, will be referred to as hard reset . ^^^^.^ ^^^^^^ amplifier 31. by flowing the 

Reset operation wherein a portion of the charge on the ^ ^^^^^^^ ^^^^^^^ 3^ ^j^^^ ^^^.^^^^ 35 ^a- 

floating element IS left behind followmg each resetting. 25 J^^^ 3^ ^^,,^,3 ^5 to filter off video signal 

m accordance with the mvention and as descri^^^^ variations, causing the drop across resistor 25 to be 

pr^eding paragraph, ^^ll be referred to as soft reset . average brightness Variations can be made in 

Fia 2 graphs the difference in the voltage responses ^^^^^^^^ ^^^^^^ ^^^^^^^ 25 to peak 

to a white object in the image scan line (shown at top of , • *i. *i. u • tu , ♦ 

r- \ c ^r^TM • u ' « «i m brightness rather than average bnghtness. The output 

figure) of a CCD imager having conventional resetting 30 „ . . n j j ^ ■ 

of its floating diffusion outpuT stage and of a CCD f f^'^' ^0 may be gam controlled and processed simi- 

imager having lessened or "soft" resetting of its floating ^^^j^ J^? ^ ^^^^ '^'''T ^' '{"^Tl 

diffusion output stage in accordance with the invention. ^^p- ^ shows another way in which the mveniion 

The former response, shown at middle of figure, and the Practiced in which the reset pulses app led from 

latter response, shown at bottom of figure, are at output 35 timing generator to reset gate 16 via terminal 17 do not 

signal terminal 19 of imager 10. Note the increased as a function of hght level. Instead the regulation 

amplitude of the latter "soft" reset response owing to the degree of reset is effected by varying the voltage 

signal samples being spatially integrated. The spatial apphedto the reset dram 18 via terminal 30. T^^^ 

integration of the image transitions tends to introduce ^ FI?* the voltage from a value ot Vdr 

low-pass filtering that delays transitions in the video 40 supplied from an output of AGC detector 22 at high 

signal. This is acceptable in less critical applications, lig^^ level to an appropriately less positive voltage at 

where the video output from AGCd video amplifier 21 lower light level. This results in a shift m the direct 

may be used direcUy, without further processing. potential level of video output signal supplied at termi- 

In more critical applications, amplifier 21 video out- nal 19 of CCD imager 10. but this is of no substantial 

put can be applied to transient peaking circuitry 27. 45 consequence where the video signal is a-c coupled any. 

which will, except for time delay, correct the signal for way-i.e. by inclusion of d-c blocking capacitor 33 in 

low brightness level, and to time delay circuitry 28, the input to filter 20. 

which will introduce corresponding delay into video ^ number of other vanations on the apparatuses de- 
signals of all brightness levels. A cross-fader 29 can then scribed above which use the principles of the present 
cross-fade between peaking circuitry 27 output video 50 invention will readily occur to one skilled in television 
signal at low brightness levels and delay circuit 28 video electronics design, and the scope of the ensuing claims 
output signal at high brightness levels to provide a fully should be construed broadly to include such vanations 
processed video output signal. The cross-fading is within their scope where possible, 
shown being controlled by AGC signal supplied to it What is claimed is: 

via control line 29ff from detector 22. 55 L In the method of operating a CCD imager of the 
The peaking of transitions at low brightness levels type having a floating diffusion output stage, said 
makes the noise spectrum triangular, increasing with method comprising the steps of: 
frequency increase. The human observer of an image periodically introducing charge packets descriptive 
recreated from the video signal finds higher-spatial-fre- of image elements under the floating diffusion: 
quency noise less objectionable than lower-spatial-fre- 60 sensing the potential of the floating diffusion follow- 
quency noise, so a triangular noise spectrum is prefera- ing the introduction of each charge packet: and 
ble to a flat noise spectrum for given signal-to-noise providing, during reset intervals following each sens- 
ratio, ing of potential and preceding the next iniroduc- 
FIG. 3 illustrates the differences in signal-to-noise tion of a charge packet, a conductance path for 
ratio obtainable using conventional "hard" reset and the 65 transfer of charge stored under the floating diffu- 
ncwly invented "soft" reset of the floating diffusion sion to a reset drain-lhe improvement for providing 
output stage. The experimental data on which the a video signal with improved signal-to-noise ratio 
graphic information is based were obtained using a responsive to low light input levels to the imager. 
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which improvement in said method comprises the 
step of: 

reducing the conductance of the path provided dur- 
ing each reset interval for transfer of charge stored 
under the floating diffusion to the reset drain to 5 
such value as to slow the transfer of the charge 
stored under the floating diffusion to the reset drain 
during each reset interval in inverse relation to the 
level of the charge stored under the floating diffu- 
sion, whereby there is integration of the charge 10 
packets formed in response to low light levels to 
increase the level of the signal component of sensed 
potential respective to the noise component 
thereof. 

2. Apparatus for implementing the method of claim 1 15 
comprising: 

a CCD imager having a floating diffusion output 
stage comprising in addition to a floating diffusion, 
a reset drain, a reset gate, a field effect transistor 
amplifier with a gate connected to the floating 20 
diffusion and a source-to-drain circuit from which 
CCD imager output signal is supplied; 

detector means for detecting the current flow in said 
reset drain; and 

reset pulse supplying means for supplying reset pulses 25 
to said reset drain having a peak level controlled in 
response to the output of said detector means. 

3. Apparatus for implementing the method of claim 1, 
comprising: 

a CCD imager having a floating diffusion output 30 
stage comprising in addition to a floating diffusion, 
a reset drain, a reset gate, a field effect transistor 
amplifier with gate connected to the floating diffu- 
sion, and a source-to-drain circuit from which 
CCD imager output signal is supplied; 35 

means for converting the CCD imager output signal 
to continuous video signal; 

a gain-controlled video amplifier having a video sig- 
nal input circuit to which said continuous video 
signal is applied, having a gain control signal input 40 
circuit, and having a video output signal circuit; 

an AGC detector having an input circuit connected 
to the output circuit of said gain-controlled video 
amplifier and having an output circuit connected to 
the gain control signal input circuit of said gain- 45 
controlled video amplifier, for completing a feed- 
back loop generating an automatic gain control 
signal, responsive to a range of higher light levels 
to said CCD imager for regulating the brightness of 
video response from said video output signal cir- 50 
cuit, said higher light levels being those having an 
adequate signal-to-noise ratio; 



6 

means for applying a direct reset drain voltage to said 
reset drain; and 

means for supplying reset pulses to said reset gate, 
which pulses are of a peak amplitude regulatable by 
said automatic gain control signal generated re- 
sponsive to a range of lower light levels to said 
CCD imager, said lower light levels including 
those for which improved signal-to-noise ratio is 
provided. 

4. Apparatus as set forth in claim 3 further including: 
means responsive to said automatic gain control sig- 
nal being generated responsive to said range of 
lower light levels to said CCD imager, for peaking 
signal transitions in video signal taken from said 
gain controlled video amplifier output signal cir- 
cuit 

5. Apparatus for implementing the method of claim 1, 
comprising: 

a CCD imager having a floating diffusion output 
stage comprising in addition to a floating diffusion, 
a reset drain, a reset gate, a field effect transistor 
amplifier with a gate connected to the floating 
diffusion, and a source-to-drain circuit from which 
CCD imager output signal is supplied; 

means for converting the CCD imager output signal 
to a video signal; 

a gain-controlled video amplifier having a video sig- 
nal input circuit to which said video signal is ap- 
plied, having a gain control signal input circuit, and 
having a video output signal circuit; 

an AGC detector having an input circuit connected 
to the output circuit of said gain-controlled video 
amplifier and having an output circuit connected to 
gain control signal input circuit of said gain-con- 
trolled video amplifier, for completing a feedback 
loop generating an automatic gain control signal, 
responsive to a range of higher light levels to said 
CCD imager for regulating the brightness of video 
response from said video output signal circuit; 

means for supplying reset pulses of a fixed amplitude 
to said reset gate; and 

means for applying to said reset drain a reset drain 
voltage related over a range of light levels to said 
automatic gain control signal. 

6. Apparatus as set forth in claim 5 further including: 
means responsive to said automatic gain control sig- 
nal being generated responsive to said range of 
lower light levels to said CCD imager, for peaking 
signal transitions in video signal taken from said 
gain controlled video amplifier output signal cir- 
cuit 
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